Abstract. The curve of Spee is an important characteristic in the mandibular arch. An optimal occlusion must have a curve of Spee ranging from flat to mild. Therefore, an understanding of the curve of Spee is essential for both diagnosis and treatment planning in orthodontics. The aim of this study was to examine the difference in both the form and depth of the curve of Spee among class I, II, and III malocclusions and investigate the relationship between the depth of the curve of Spee with both overjet and overbite among patients at the University of North Sumatera Dental Hospital. A total of 100 dental study models with ages older than 15 years were enrolled and divided into 5 malocclusion groups: class I (n = 40), class II division 1 (n = 32), class II division 2 (n = 10), class II subdivision (n = 7), and class III (n = 11). The depth of the curve of Spee, overjet, and overbite was measured on dental study models with a digital caliper. The depth of curve of Spee was taken as the mean measurement from both sides of the arch on dental study models. The correlation coefficient between the depth of the curve of Spee and other variables were also calculated. The results showed that a maximum mean depth of the curve of Spee of 4.65 ± 1.41 mm in the class II division 2 group and a minimum depth of 2.34 ± 0.96 mm in the class III group. A statistically significant correlation was also found between the depth of the curve of Spee with both overbite and overjet. In conclusion, the curve of Spee was found to be deepest in class II division 2 followed by class II division 1, class II subdivision, class I, and class III malocclusion.
Introduction
F. Graf von Spee, who used skulls with abraded teeth to define a line of occlusion, first described the curve of Spee in 1890. This line lies on a cylinder that is tangent to the anterior border of the condyle, the occlusal surface of the second molar and incisal edges of the mandibular incisors. Spee located the center of this cylinder in the midorbital plane so that it had a radius of 6.5 to 7.0 cm. However, clinically, the distal marginal ridges of the posterior teeth in the arch and the incisal edges of the central incisors determine the curve of Spee. The functional significance of the curvature has not been completely understood. However, it has been suggested that the curve of Spee has a biomechanical function during food processing by increasing the crush-shear ratio between the posterior teeth and the efficiency of the occlusal forces during mastication [1] . The curve of Spee represents the arrangement of the planner mean of the curvature of occlusal surfaces of the mandibular teeth according to their positions in the arch. Hence, familiarity with the standard value of occlusal curvature aids in examination, diagnosis, and treatment of occlusal disharmony. One of the key clinical steps in the rehabilitation of multiple long span posterior restorations is the re-establishment of the occlusal plane. The restoration of compensating curves forms the basis for ideal teeth arrangement [2] . Andrews proposed that flattening the occlusal plane should be the treatment goal in orthodontics. The value of the curve of Spee depth as the sixth key to normal occlusion should be considered and quantified in space management procedures to prevent incisor flaring and consequently assuring aesthetics and the stability of both the treatment results and function [3, 4] .
Research conducted by Ahmed et al. showed that the depth of the curve of Spee was deepest in class II division 2 malocclusion and was flat in class III malocclusion suggesting that the curve of Spee in the mandibular arch is influenced by the anteroposterior position of the mandible [3] . In humans, an increased curve of Spee is often seen in brachycephalic facial patterns and associated with short mandibular bodies [4] . On the other hand, Farella et al. found that the curve of Spee is more marked in short face subjects and less marked in long-face subjects. Similarly, Ahmed et al. found that the curve of Spee is deepest in class II division 2 malocclusions that have a deep overbite and short face heights (low angle) than in the normal and flat Spee groups and it was flat in class III malocclusion that has both high and low angle variants [3] .
From the results of research conducted by Nayar et al., it is clear that the curve is deeper in class II cases while it is flatter in class III cases. This study correlates with Orthlieb's finding that the radius of the curve of Spee is less in class II cases while it is more in class III occlusion [5] . Leveling of the curve of Spee represents a routine procedure in orthodontic practice (Fig. 1) . The deviation of the occlusal plane from a flat plane has practical consequences when considering the arch circumference requirements necessary to flatten the curve. Indisputably, a curved arch has a greater circumference than a flat arch [6] .
Later on, the curve of Spee and leveling of this has been related to incisor overbite and lower arch circumference. A deep curve of Spee is usually associated with an increased overbite. Orthodontic correction of the overbite often involves leveling the curve of Spee by an anterior intrusion, posterior extrusion, or a combination of both [5] . Although leveling the curve of Spee is an everyday occurrence in orthodontic practice, little research has been dedicated to examining relationships between the depth of the curve of Spee and types of malocclusion. The aim of this study was to examine the difference in the depth of the curve of Spee within malocclusion class I, II, and III and the relationship with overjet and overbite among patients in the University of North Sumatera Dental Hospital. 
Materials and Methods
This analytical study was performed by using dental study models of 100 subjects aged older than 15 years with complete permanent dentition except for the third molar and no previous orthodontic treatments. These dental study models were taken from the Department of Orthodontics of University of North Sumatera and were further divided into 5 malocclusion groups which are class I (n = 40), class II division 1 (n = 32), class II division 2 (n= 10), class II subdivision (n= 7), and class III (n= 11). The depth of the curve of Spee was measured as the perpendicular distance between the deepest cusp tip and a flat plane that was laid on top of the mandibular dental study models, touching the incisal edges of the central incisors and the distal cusp tips of the most posterior teeth in the lower arch with a digital caliper using the Baldridge Method (Fig. 2) . The measurement was made on the right and left side of the dental arch, and the mean value of these two measurements was used as the depth of the curve of Spee. The overjet was measured as the distance along a horizontal plane between the incisal edge of the labial surface of the mandibular central incisor and the incisal edge of the labial surface of the most labially positioned maxillary central incisors. The overbite was measured as the vertical distance between the incisal edge of the maxillary central incisor and the incisal edge of the mandibular central incisor.
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Fig. 2 Measuring the Depth of the curve of Spee (Baldridge Method) 3 Results
The mean and standard deviation of the depth of the curve of Spee of the entire sample are shown in Table 1 .
Table 1. Differences in depth of curve of Spee in class I, II and III malocclusion among patients in University of North Sumatera Dental Hospital.
A total of 64 patients had a normal curve of Spee, 23 patients had a deep curve of Spee, and 13 patients had a flat curve of Spee as shown in Table 2 . In the class I malocclusion cases, 80% had a normal curve of Spee, 2.5% had a deep curve of Spee, and 17.5% had a flat curve of Spee. In the class II division 1 malocclusion 59.1% had a normal curve of Spee whereas 40.6% had a deep curve depth. In the class II division 2 malocclusion, most patients had a deep curve, i.e., 80% patients had a deep curve, and 20% had a normal curve of Spee. In the class II subdivision malocclusion, 85.7% had a normal curve depth, and 14.3% had a deep curve depth. In class III malocclusion, 54.5% had a flat curve of Spee, whereas 45.4% had a normal curve. A Pearson correlation coefficient was calculated between all variables as shown in Table 3 . A statistically significant positive correlation was present between the depth of the curve of Spee with both overjet and overbite. 
Discussion
Marshall et al. stated that the curve of Spee depth is minimal in the deciduous dentition; its greatest increase occurs in the early mixed dentition as a result of the eruption of both the permanent first molar and the central incisor [9] . Andrews stated that there is a natural tendency for the curve of Spee to deepen with time because the lower jaw's growth downward and forward sometimes is faster and continues longer than that of the upper jaw. This difference in both the rate and duration of growth causes the lower anterior teeth, which are confined by the upper anterior teeth and lips, to be forced back and up, resulting in crowded lower anterior teeth, deeper overbite and deeper curve of Spee. So, the treatment objective should be to achieve a flat curve as an overtreatment [10] . The curve of Spee increases to a maximum depth with the eruption of the permanent second molars and then remains relatively stable into late adolescence and early adulthood. A possible explanation for the development of the curve of Spee is that permanent mandibular teeth erupt before their maxillary antagonists. This means that, in large measure, the curve of Spee develops as a dental (not skeletal) event [9] . Hence it is important to know the values of the depth of the curve of Spee for the specific age group and in a given population [2] .
The findings in Table 1 show that the mean depth of the curve of Spee based on the angle malocclusion group in class I malocclusion was 2.74 mm, in class II division 1 malocclusion was 3.83 mm, in class II division 2 was 4.65 mm, in class II subdivision was 3.41 mm, and in class III malocclusion was 2.34 mm. The findings of this research support the results of Nayar et al. who showed that the curve of Spee in class II malocclusion had a significant difference than that of both class I and III malocclusions where the curve of Spee was found deepest in class II malocclusion but flatter in class III malocclusion [4] . The study done by Shannon and Nanda also suggested that Class II malocclusion had a significantly deeper pretreatment curve of Spee measurements than Class I malocclusions and the same case in this study [8] . Furthermore, the curve of Spee is directly proportional to both the overjet and overbite of an individual [5] . A correlation between the curve of Spee and overbite indicated that an increase in overbite coincided with an increase in the depth of the curve of Spee. Ahmed et al. also suggested that the amount of both overbite and overjet significantly influence the variation of the curve of Spee in the mandibular arch. The overjet and overbite in the deep Spee group were significantly larger than in the normal and flat Spee groups [1] . The curve of Spee contributes to set up the anterior overbite and is favorable to the approach of the maxillary and mandibular occlusal planes in mandibular elevation [3] . Overall, the curve of Spee among malocclusion groups was deepest in class II division 2, followed by class II division 1, class II subdivision, class I, and class III. The correlation coefficient of the variables shows that there is a significant correlation between the curve of Spee, overjet, and overbite. Further research is recommended to use subjects from different population to have variations in malocclusion, which are more heterogeneous for data to have a higher degree of validity.
